Abstract. A system has been developed to directly measure isoprene flux above a forest canopy by eddy covariance using the combination of a fast response, real-time isoprene sensor and sonic anemometer. This system is suitable for making nearly unattended, long-term, and continuous measurements of isoprene fluxes. Isoprene detection is based on chemiluminescence between isoprene and reactant ozone, which produces green light at 500 nm. The sensor has a noise level (1 •) of 450 pptv for a 1-s integration which is dominated by random high-frequency noise that does not significantly degrade eddy covariance flux measurements. Interference from the flux of other compounds is primarily due to the emission of monoterpenes, propene, ethene, and methyl butenol and the deposition of methacrolein and methyl vinyl ketone. The average total interference for North American landscapes in midday summer is estimated to be about 5% for emissions and -3% for deposition fluxes. In only a few North American landscapes, where isoprene emissions are very low and methyl butenol emissions are high, are interferences predicted to be significant. The system was field tested on a tower above a mixed deciduous forest canopy (Duke Forest, North Carolina, U.S. 
Introduction
Isoprene (2-methyl-l,3-butadiene) emission from vegetation is the largest known flux of a reactive hydrocarbon to the atmosphere [Guenther et al., 1995] . Isoprene is often the most abundant nonmethane hydrocarbon in rural and remote atmospheric boundary layers and influences atmospheric chemistry even in urban areas [Fehsenfeld et ai., 1992] . Understanding the factors controlling isoprene emission is an important step toward improving regional and global numerical chemistry and transport models. Vertical turbulent isoprene fluxes above forest canopies have been measured using a variety of techniques including relaxed eddy accumulation, surface layer gradients and mixed-layer gradients [Guenther et al., 1996a] . These methods rely on assumptions that are often reasonable but can result in large errors in some cases [Dabberdt et al., 1993] . Another disadvantage is that all of these methods rely on gas chromatographic (GC) techniques that are labor intensive and usually require samples to be stored and transported. Errors arising from sample handling can be minimized by incorporating an automated GC into the flux system, but the result is a system that is complex and difficult to maintain for extended'periods. We have developed a fast isoprene sensor (FIS) which meets the above criteria and which we recently applied toward the eddy covariance measurement of isoprene flux from a forest canopy. Hills and Zimmerman [1990] originally developed the ozoneinduced chemiluminescence analyzer for isoprene and recognized its potential for eddy covariance measurements. This sensor has been used for enclosure measurements of isoprene fluxes in laboratory [Hills et al., 1992; Guenther et al., 1991] and field studies [Guenther et al., 1996b] . The FIS described in this paper is based on the original design but has been upgraded, enabling its application to eddy covariance measurements in a field environment. In this paper we describe recent FIS modifications, discuss existing limitations, and present field measurements of isoprene fluxes. 
Also at Hills

Selectivity
Characterizing and limiting interference is a significant challenge for an isoprene eddy covariance system. Although there are chemiluminescence reactions between ozone and other trace gases, selective ozone-induced chemiluminescence instruments are possible since systems can be designed that respond only to a limited range of wavelengths [Birks, 1989 ].
Hills and Zimmerman [ 1990] measured the response of the FIS to 15 compounds including two inorganic species and
representatives of a range of organic categories including organosulfur, alkane, alkene, alkyne, alcohol, ketone, aidehyde, and cyclic organic species. We have extended this list, shown in Table 1 , with three additional compounds: methacrolein (MAC), methyl vinyl ketone (MVK), and 2-methyl-3-buten-2-ol (MBO). Propene is the only compound tested that has a response similar to that of isoprene. The responses of MAC and MVK, both of which are isoprene oxidation products, are 25% and 40%, respectively, of the isoprene response. MBO, dimethyl sulfide when normalized by the raw wC covariance but agrees well (at lower frequencies) when normalized by the wC covariance corrected by the cospectral similarity term (the ratio of raw wT covariance to low-pass wT covariance). The downdrafts bring relatively low isoprene mixi.ng ratios into the canopy and are followed by a slow upward venting of isoprene rich air that is buoyant due to the heated canopy. As a result of this long timescale for vertical transport, an extremely fast detector is not needed to measure eddy covariance fluxes. The cospectra shown in Figure 5 indicate that about 90% of the isoprene flux is associated with frequencies of <0.1 Hz. Similar cospectra were observed for the other trace gases and Care must be taken when using this system to estimate nighttime fluxes or at locations with relatively large fluxes of other alkenes. Midday interference from fluxes of compounds other than isoprene is estimated to be less than 5% for most North American landscapes. Future work will be directed at reducing this interference.
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The system can run in a hands-off mode for days at a time and provide continuous flux measurements with much less effort than other systems, which require samples to be collected and then analyzed by gas chromatographic methods. A medical oxygen generator (MK5, Nidek) which produces 95% pure O2 from ambient air has recently been used with the FIS at a remote field site and is of great benefit for long-term measurements and studies at remote field sites.
